AD-A210  978 


l 


OFFICE  OF  NAVAL  RESEARCH 

Contract  N00014-88K-0360 
R&T  Code  B41C004DAR01 

Technical  Report  No.  6 


Rechargeable  Lithium/Polymer  Cathode  Batteries 


by 


Tetsuya  Osaka,  Toshiki  Nakajima,  Koh  Shiota  and  Boone  B.  Owens 


Prepared  for  Publication 


in 


Extended  Abstracts,  176th  National  Meeting  of  the  Electrochemical  Society, 

Hollywood,  Florida,  1989 


Department  of  Applied  Chemistry 
University  of  Waseda 
Tokyo, Japan 
and 

Department  of  Chemical  Engineering  and  Materials  Science 
221  Church  St.  SE 
University  of  Minnesota 
Minneapolis,  MN  55455 


June  15,  1989 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government. 


DTIC 

ELECTE 
AUG0  41989 

B 


This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 

OFFICE  OF  NAVAL  RESEARCH 


SC'JRirv  CLASSIFICATION  OF  ‘WIS  3AGe 


REPORT  DOCUMENTATION  PAGE 

14.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

lb  RESTRICTIVE  MARKINGS  '  “ 

24.  SECURITY  CLASSIFICATION  AUTHORITY 

3  distribution/ availability  of  report 

2b.  OECLASSIFICATION  /  OOWNGRAOING  SCHE0ULE 

Unclassified/ Unlimited 

6a.  NAME  OF  PERFORMING  ORGANIZATION  6b  OFFICE  SYMBOL 
Dept,  of  Chem.  Eng.  &  Hat.  Sc  ..  ^  *PO<icibt*) 

Corrosion  Research  Center 


6c  AOORESS  (Cry.  Star*,  snd  ZIP  Cod*) 
University  of  Minnesota 
Minneapolis,  MN  55455 


8a.  NAME  OF  PUNOiNG  t  SPONSORING  8b  OFFICE  SYMBOL 

ORGANIZATION  ONR/DARPA  and  the  (lf  POP«cab/*) 

Japanese ’.Ministry"  of  Education  Code  1113 


8c  AOORESS  (City,  Stitt,  ind  ZIP  Cod*) 


800  North  Quincy  Street 
Arlington,  VA  22217-5000 


It.  TITLE  (Indude  Security  Cltuificttion) 

Rechargeable  Lithium/Polymer  Cathode  Batteries 


12  PERSONAL  AUTHOR(S) 

Tetsuya  Osaka,  Toshiki  Nakajima,  Roh  Shiota  and  Boone  B.  Owens 


7a  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 


?b  AOORESS  (Oty,  Sfafe.  and  ZlPCode) 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 


9.  PROCUREMENT  INSTRUMENT  lOEN TIFICATION  NUMBER 

Contract  No.  N00014-88-K-0360 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO 


PROJECT 

TASK 

NO 

NO 

13a.  TYPE  OF  REPORT 
Technical 


1 3b  TIME  COVERED 
FROM  7/88  ro  6/89 


14  0ATE  OF  REPORT  (Ye it,  Month.  Day)  IS  PAGE  COUNT 

89/06/15  2 


16.  SUPPLEMENTARY  NOTATION 

176tb  Meeting  of  the  Electrochemical  Society,  Extended  Abstracts,  October  1989 


18  SUBJECT  TERMS  (Conrmo*  on  rgvtrt*  if  necessity  end  identify  by  block  number) 


COSATl  COOES 


GROUP  |  SUB-GROUP 


J9_A8ST^ACT  ( Continue  on  revert*  if  nectiury  and  identify  by  block  number)  \  ^  \  cv  1  r  \v  y 

"Polypyrrole  (PPy)  and  polyaniline  (PAn)  were  investigated  for  cathode  materials  of 
rechargeable  lithium  batteries.  PPy  films  prepared  with  PF^”  anion  and/or  t’t^  substrate 
precoated  with  niLrile  butadiene  rubber (HBR)  were  excellent  cathode  materials  because  of 
rough  and/or  highly  oriented  film  structure.  PAn  films  were  access fully  prepared  from 
non-aqueous  propylene  carbonate  solution  containing  aniline,  CfJcOOH  and  (.  LiC 10£ .  Its 
acidity  strongly  affects^the  anion  doping-undoping  behavior.  The  PAn  cathode  prepared 
in  high  acidic  solution  (e.g.  4:1  ratio  of  acid: aniline)  gives  the  excellent  battery 
performance.  V-  /  \  •  ■* !,  ..  a ’Ll- \ l  .  Xj\  ,r.  _  AT,  .  ,  U  \  ,.i  , 


UV, ,  ^  \  cK\c  l 


20  DISTRIBUTION/ AVAILABILITY  OF  ABSTRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

GBunclassif'EO/unlimiteo  □  same  AS  RPT  □  OTIC  USERS  Unclassified 


22a  NAME  OF  RESPONSIBLE  'NOiviOUAL  22b.  TELEPHONE  (Include  Arte  Code)  |22c.  OFFICE  SYMBOL 

Boone  B.  Owens  (612)  625-1332 


00  FORM  1 473,  34  MAR  83  APR  kbition  mty  b«  us«d  until  «xn4ust«d  SECURITY  CLASSIFICATION  OF  THIS  PAGE 

All  oth*r  td  t  bn»  art  obioi*tt  “  «  - 


RECHARGEABLE  lithium/polymer  cathode  batteries 


Tetsuya  OSAKA,  Toshiki  NAKAJIMA,  Koh  SHIOTA 
and  Boon  B.  OWENS* 

Department  of  Applied  Chemistry, 
Waseda  University 

Oku bo,  Shinjuku-ku,  Tokyo,  Japan  169 

*Corrosion  Research  Center, 
University  of  Minnesota 
221  Church  St.  SE,  Minneapolis,  MN  55455 


Electropolymer i zed  conductive  polymer  films 
have  been  extensively  investigated  in  recent 
years.  Among  these  polymers,  polypyrrole (  PPy  )  , 
polyaniline(PAn)  and  polyazulene(PAz )  are  dis¬ 
cussed  to  have  most  highly  possibility  for  use 
of  cathode  materials  of  rechargeable  Li  batteri¬ 
es.  Examples  of  the  Li /polymer  cathodes  under 
laboratory  level  are  listed  in  Table.  The  ener¬ 
gy  densities  in  the  table  are  the  values  per 
weight  and  volume  of  cathode  materials  under  the 
conditions  of  stable  rechargeable  region. 

In  our  research  group,  we  have  first  investi¬ 
gated  PPy  with  varying  preparation  methods, 
namely,  polymerization  with  various  anions! 3) 
and  with  NBRtnitrile  butadiene  rubber ) -guided - 
grown  method! 4,5).  Since  an  electrochemically- 
formed  PAn  appears  to  be  one  of  the  most  promis¬ 
ing  candidates  for  the  cathode  material  because 
of  its  high  electroactivity  and  relatively  high 
doping  level  as  is  seen  in  Table,  we  have 
recently  continued  to  investigate  the  new  pre¬ 
paration  method  of  PAn  as  well  as  that  of  PPy. 
Usually,  electroactive  PAn  can  be  prepared  by 
electropolymerization  in  acidic  aqueous  solu¬ 
tion,  however,  we  have  successfully  prepared 
electroactive  PAn  in  non-aqueous  solution(l). 
In  light  of  the  application  in  Li  batteries,  the 
polymerization  of  PAn  in  non-aqueous  solution  is 
advantageous  because  of  no  contamination  of 
water . 

In  this  paper,  we  report  the  electroactive 
PAn  prepared  from  non-aqueous  solution  and 
compare  it  with  PPy  prepared  from  some  methods. 


Properties  of  PPy  films  can  be  controlled 
by  varying  the  anions  at  the  polymerization. 
When  polymerized  with  PF6'  or  CF3SO3-  anion,  the 
PPy  films  become  to  give  higher  doping  capacity 
of  CIO4-  anion  at  the  conditions  of  L1CIO4-PC 
solution,  and  the  Li/LiC!C>4-PC/PPy  battery 
assembled  with  the  PPy  cathode  formed  with  PF^' 
keeps  100*  coulombic  yield  up  to  the  current 
density  of,  2.5  mA  cm ”2(3).  Moreover,  PPy  prepa¬ 
ration  through  the  host  polymer  of  NBR  insulat¬ 
ing  film  can  make  the  structure  for  accelerating 
anion  diffusion  in  the  fiim(4).  The  NBR-guided- 
grown  PPy  (PPy /NBR),  where  NBR  is  removed  after 
PPy  polymerization,  especially  improve  the  anion 
doping-undoping  process,  and  the  battery  assem¬ 
bled  with  PPy /NBR  cathode  can  output  more  than  3 
times  larger  current  density  especially  at  low 
doping  level(5). 

An  electroactive  PAn  film  was  successfully 
obtained  by  electropolymerization  from  non- 
aqueous  propylene  carbonate  (PC)  solution  con¬ 
taining  CF3COOH  and  L1CIO4.  The  most  important 
factor  to  form  electroactive  PAn  is  protons  from 
an  organic  acid  and  its  acidity  strongly  affects 
the  activity  and  reversibility  of  anion  doping¬ 
undoping.  Figure  1  shows  the  effect  of  acid 
content  at  the  polymerization  and  the  highest 
ratio  of  acid  :  aniline  in  the  polymerization 
solution  gives  beautiful  reversibility  of  anion 
doping-undoping.  The  PAn  film  formed  with  the 
condition  of  ratio  4:1  finally  gives  the  excel¬ 
lent  battery  performance  as  seen  in  Figure  2. 
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Table  Performance  of  Li/polymer  secondary  batteries  (experimental  data). 


Cathode  materials 

Doping  level 
[%) 

Output  voltage 
[V] 

Charge  capacity 
(Ah  kg’1  ) 

Enerqy 
[ Wh  kg" 1 ] 

density 

(Wh  I’1  ! 

Polyaniline 

60 

3.0 

127 

382 

180 

Polyazulene 

30(45) 

3.3 

70(102) 

226(338) 

187(279) 

Polypyrrole 

25(45) 

3.0 

81 (130) 

243(390) 

223(361 ) 

(  ):  Values  at  maximum  doping  level. 
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Fig.1  Cyclic  voltammograms  for  PAn  films  (1  C 
cm'2)  in  1.0  mol  dm" -3  LiC104/PC  solutions.  The 
scan  rate  is  5  mV  s'1.  PAn  films  are  prepared  in 
(0.5  mol  dm'3  aniline  *  some  concentration  of 
CF3COOH  +0.5  mol  dm'3  LiC104)/PC  solutions. 
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Fig. 2  Dependence  of  charge  depth  on  the 
couiombic  yield  for  Li/LiC104/PAn( 20  C  cm'2) 
batteries.  The  charge-discharge  current  density 
was  8  mA  cm “ 2 . 
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